Chemistry of Heterocyclic Compounds, Vol. 42, No. 9, 2006

SYNTHESIS OF NEW FUNCTIONAL DERIVATIVES
OF PYRAZOLIDINE FROM 1-ACETYL-3-METHYL-
S-NITROMETHYL-2-PHENYLPYRAZOLIDINE

L. A. Sviridova', G. A. Golubeva', and S. V. Shorunov’

3-Nitromethylpyrazolidine reacts with derivatives of unsaturated acids and reducing agents with the
formation of polyfunctional compounds of the pyrazolidine nucleus.

Keywords: 5-nitromethylpyrazolidine, Mannich reaction, Michael reaction, reduction of a nitro group.

We previously found a new method of directly introducing CH-acid radicals into the pyrazolidine
molecule [1] on the surface of adsorbents without a solvent. Among others, a method of synthesizing
pyrazolidine 5-nitromethyl derivatives was developed. In the present work further conversions of 1-acetyl-3-
methyl-5-nitromethyl-2-phenylpyrazolidine (1) have been studied using the reactivity of both the methylene and
the nitro groups.

In [1] conditions were found for the synthesis of nitro derivative 1 with a cis:trans isomers ratio of 1:4.
After a small change to the method we succeeded in obtaining a diastereoselective course for the process on
neutral aluminum oxide and the isomer ratio of compound 1 was ~1:100 according to data of '"H NMR spectra.
In this way we obtained predominantly one diastereomeric pair of trans structure. Attempts to introduce the
obtained nitro derivative 1 into a Michael reaction with derivatives of unsaturated acids under the usual
conditions with a basic catalyst (triethylamine) were unsuccessful. In view of our positive experiment using the
method of carrying out the reaction on the surface of an adsorbent without a solvent [1], we carried out a series
of trial experiments and discovered that the Michael reaction with acrylonitrile proceeds best of all at room
temperature on basic aluminum oxide containing 20% adsorbed KF. After 48 h the initial compound 1 reacted
completely with the formation of product 2 by addition of two molecules of acrylonitrile.
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The structure of bisadduct 2 was confirmed by data of IR, '"H NMR, and mass spectroscopy (see
Experimental). Attempts to obtain the monoadduct of acetonitrile proved to be in vain. On reducing the amount
of acrylonitrile a mixture is formed of compound 2 with the initial 1 and on changing the adsorbent conversion
did not occur. The interaction of nitro compound 1 with methyl acrylate was effected under the same conditions.
After 30 h, according to TLC, the initial pyrazolidine had reacted completely. From the reaction mixture both the
bisadduct 3a and also two isomeric monoadducts 3b,b', were obtained in a ratio of 5:1 according to data of 'H
NMR spectra. On standing the mixture of isomers 3b,b' in ethyl acetate solution the isomer ratio changed. After
10 days isomer 3b' disappeared completely and the more stable isomer 3b accumulated. Probably the conversion
occurs through the aci form of the nitro compound.
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The interaction of compound 1 with methyl methacrylate was determined to a significant extent by steric
factors. The sole compound 3¢ obtained in 31% yield has 4 asymmetric centers and is a mixture of
diastereomeric monoadducts, which is indicated by the multifold doubling of signals in the '"H NMR spectrum.
These isomers are liquids and have very low R, values.

Attempts to carry out an aldol condensation of compound 1 with aromatic aldehydes were unsuccessful.
The optimum conditions for carrying out the similar process, the Mannich reaction, proved to be the use of
bis(dimethylamino)methane in acetonitrile solution. According to GLC data the obtained Mannich base 4 was a
mixture of two substances in a ratio of 1:6. Both compounds have the same characteristics of IR and '"H NMR
spectra but somewhat different mass-spectral decomposition, which suggests that these are different
diastereomeric pairs.

To reduce both the amide and the nitro group it was most expedient to use lithium aluminum hydride.
Nitro compound 1 was completely converted by this into 3-aminomethyl-2-ethyl-5-methyl-1-phenylpyrazolidine
(5) in 91% yield. The hydrochloride of the obtained amine proved to be extremely hygroscopic so the amine was
identified additionally as the acetyl derivative 6.
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Incomplete reduction of the nitro group with sulfided sodium borohydride NaBH,S;, used to reduce nitro
groups in nitroalkanes [2], led to the formation of two substances, 1-acetyl-5-cyano-3-methyl-2-
phenylpyrazolidine (44%) (7) and 1-acetyl-5-carbamoyl-3-methyl-2-phenylpyrazolidine (8), inaccessible by
other methods.
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It is therefore possible to synthesize new mono- and bifunctional derivatives of pyrazolidines from
pyrazolidine nitromethyl derivatives.

EXPERIMENTAL

The IR spectra of compounds were measured on UR 20 and Specord IR 75 instruments in KBr disks or
nujol, and '"H NMR spectra on a Varian XR 400 instrument (400 MHz) in CDCl;, internal standard was TMS.
Mass spectra were recorded on a Hewlett-Packard 5873 chromato-mass spectrometer (ionization energy 70 eV),
with a HP 6890 chromatograph. A check on the progress of reactions and the purity of the substances obtained
was effected by TLC on Silufol UV 254 plates in the system petroleum ether—ethyl acetate, 1:1, visualizing with
alcoholic FeCl; solution, iodine vapor, or aqueous potassium permanganate solution. Chromatographic
purification of the compounds obtained was carried out by flash chromatography on a dry column [3] of L5/40
silica gel, eluent was petroleum ether—ethyl acetate. 2:1.

trans-1-Acetyl-5-hydroxy-3-methyl-2-phenylpyrazolidine was obtained by the method of [4].

trans-1-Acetyl-3-methyl-5-nitromethyl-2-phenylpyrazolidine (1). A solution of 1-acetyl-5-hydroxy-3-
methyl-2-phenylpyrazolidine (0.5 g, 2.5 mmol) in benzene (5 ml) was added to calcined neutral aluminum oxide
(5 g). The benzene was distilled off on the rotary evaporator to obtain a dry powder. Nitromethane (0.2 ml) was
added to the mixture, shaken vigorously for several minutes, then heated on a sand bath for 48 h at 60-70°C,
periodically adding nitromethane (about 0.1 ml). After the end of the reaction (check by TLC, benzene—ethyl
acetate, 1:1), the reaction mixture was extracted with chloroform in a Soxhlet extractor. The extract was
evaporated in vacuum, and the residue recrystallized from ether. Yield 0.15 g (25%); mp 88°C. IR spectrum, v,
cm™: 1680 (NCO), 1500, 1385 (NO,). 'H NMR spectrum, 8, ppm (J, Hz): 1.25 (3H, d, J= 6.8, 3-CHs); 1.93 (1H,
m, H-4); 2.05 (3H, s, CH;CO); 2.21 (1H, m, H-4); 4.25 (1H, m, H-3); 4.25 (1H, m, CH,NO,); 4.94 (1H, m, H-5);
4.95 (1H, m, CH,NO,); 6.92 (3H, m, 2-C¢Hs); 7.31 (2H, m, 2-C¢Hs). Found, %: C 59.52; H 7.13. Cy3H;7N50,.
Calculated, %: C 59.32; H 6.46.

1-Acetyl-5-[bis(2-cyanoethyl)nitromethyl]-3-methyl-2-phenylpyrazolidine (2). A solution of
nitromethylpyrazolidine 1 (0.1 g, 0.38 mmol) in benzene (2 ml) was applied to calcined basic aluminum oxide
containing 20% KF [5] (1 g). The benzene was distilled off on the rotary evaporator to obtain a dry powder.
Acrylonitrile (0.2 ml) was added to the mixture, which was shaken vigorously for several minutes, after which
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the mixture was stored for 48 h at room temperature. The adduct was isolated by flash chromatography on a dry
column, collecting the fraction with R,0.5. Yield 0.06 g (50%); mp 135°C. IR spectrum, v, cm™: 1680 (NCO),
1550 (NO,), 2260 (CN). 'H NMR spectrum, 8, ppm (J, Hz): 1.22 (3H, d, J = 6.8, 3-CH;); 1.92 (1H, m, H-4);
2.12 (3H, s, CH;CO); 2.25 (1H, m, H-4); 2.43 (4H, m, 5-CH,-B); 2.63 (4H, m, CH,-a); 4.24 (1H, m, H-3); 4.92
(1H, m, H-5); 6.75 (2H, m, 2-C¢Hs); 6.92 (1H, m, 2-C¢Hs); 7.35 (2H, m, 2-C¢Hs). Found, %: C 60.73; H 6.39.
C19H23N503. Calculated, %: C 610, H 6.32.

1-Acetyl-5-[bis(2-methoxycarbonylethyl)nitromethyl]-3-methyl-2-phenylpyrazolidine (3a) and
1-Acetyl-5-(3-methoxycarbonyl-1-nitropropyl)-3-methyl-2-phenylpyrazolidines (3b,b'). Methyl acrylate
(0.2 ml) was added to nitromethylpyrazolidine 1 (0.1 g, 0.38 mmol) applied to aluminum oxide containing KF
(see previous procedure), the mixture was shaken vigorously for several minutes, and stored for 30 h at room
temperature. The monoadduct 3b was isolated by flash chromatography on a dry column, collecting the fraction
with R, 0.8. Yield 0.05 g (37%); mp 78°C. IR spectrum, v, cm™: 1680 (NCO), 1560 (NO,), 1740 (CO,CHj;).
"H NMR spectrum, o, ppm (J, Hz): 1.22 (3H, d, J = 6.8, 3-CH3); 1.92 (1H, m, H-4); 1.95 (2H, m, CH,-B); 2.01
(3H, s, CH3CO); 2.25 (1H, m, H-4); 2.45 (2H, m, CH,-a); 3.64 (3H, s, OCH;); 4.18 (1H, m, H-3); 4.35 (1H, m,
CHNO,); 4.90 (1H, m, H-5); 6.92 (3H, m, 2-C¢Hs); 7.35 (2H, m, 2-C¢Hs). Found, %: C 60.82; H 6.91, m/z 349
[M]". C;7H23N;0s. Calculated, %: C 59.51; H 6.52, M 349.

A second fraction with R 0.5 (mixture of isomers 3a and 3b') was analyzed by '"H NMR and chromato-
mass spectrometry.

Compound 3a. 'H NMR spectrum, 8, ppm (J, Hz): 1.22 (3H, d, J = 6.8, 3-CH3); 1.93 (1H, m, H-4); 1.97
(4H, m, CH,-B); 2.03 (3H, s, CH5CO); 2.23 (1H, m, H-4); 2.43 (4H, m, CH,-a); 3.65 (6H, s, OCH3); 4.23 (1H,
m, H-3); 4.94 (1H, m, H-5); 6.88 (2H, m, 2-C¢H5); 7.33 (3H, m, 2-C¢Hs). Mass spectrum, m/z (I, %): 388 (41)
[M-HNO,]"; 345 (100) [M-HNO,-CH;CO]".

Compound 3b'. "H NMR spectrum, &, ppm (J, Hz): 1.24 (3H, d, J = 6.8, 3-CH3); 1.93 (1H, m, H-4);
1.95 (2H, m, CH,-B); 2.00 (3H, s, CH;CO); 2.25 (1H, m, H-4); 2.45 (2H, m, CH;-a); 3.63 (3H, s, OCHj3); 4.19
(1H, m, H-3); 4.35 (1H, m, CHNO,); 4.89 (1H, m, H-5); 6.78 (3H, m, 2-C¢Hs); 7.29 (2H, m, 2-C¢Hs).

1-Acetyl-3-methyl-5-(2-methyl-3-methoxycarbonyl-1-nitropropyl)-2-phenylpyrazolidine (3c) was
obtained by the previous method using methyl methacrylate (0.2 ml), and collecting the fraction with R, 0.6.
Yield 0.043 g (31%); mp 149°C. Found, %: C 62.89; H 7.71. C,3H»5sN30s. Calculated, %: C 61.52; H 6.78.

1-Acetyl-5-(2-dimethylamino-1-nitroethyl)-3-methyl-2-phenylpyrazolidine (4). Bisdimethylamino-
methane (1 ml) was added to a solution of compound 1 (0.1 g, 0.38 mmol) in acetonitrile (5 ml), and left for
24 h. The solvent was distilled off, the residual thick oil was rubbed with a small quantity of ether, and
recrystallized from ether. Yield 0.05 g (41%); mp 152-155°C. IR spectrum, v, cm™: 1680 (NCO), 1550, 1360
(NO,). '"H NMR spectrum, o, ppm (J, Hz): 1.21 (3H, d, J = 6.8, 3-CH3); 1.91 (1H, m, H-4); 2.15 (3H, s,
CH;CO); 2.25 (1H, m, H-4); 2.26 [6H, s, N(CH;),]; 2.41 (2H, m, CH,N); 4.22 (1H, m, CHNO,); 4.25 (1H, m,
H-3); 4.94 (1H, m, H-5); 6.92 (3H, m, 2-C4Hs); 7.35 (2H, m, 2-C4¢Hs). Found, %: C 56.39; H 7.81; m/z 320 [M] .
C16H24N,4O;. Calculated, %: C 57.0; H 7.50; M 320.

3-Aminomethyl-2-ethyl-5-methyl-1-phenylpyrazolidine (5). A solution of compound 1 (0.263 g,
1 mmol) in ether (10 ml) was added with stirring to LiAlH, (0.3 g, 8 mmol) in absolute ether (15 ml). The
reaction mixture was boiled for 8 h, water (0.5 ml) was added carefully, the precipitated hydroxide was filtered
off, and washed with ether. The combined ether fractions were dried over magnesium sulfate, and the ether
distilled off. Compound 5 (0.2 g, 91%) was obtained as a yellow oil. IR spectrum, v, cm™: 3270, 3380 (NH,).
1HNMRmmem6me(LH@:0%(%L&NH$IJ3GHJ“F=IQCH£H¢122@H¢LJ=6&
3-CHs;); 1.85 (1H, m, H-4); 2.14 (1H, m, H-4); 2.27 (2H, m, CH,NH,); 2.83 (2H, q, /= 7.0, CH,CH3); 3.14 (1H,
m, H-3); 3.63 (1H, m, H-5); 6.64 (1H, m, C¢Hs); 6.94 (2H, m, C¢Hs); 7.34 (2H, m, C¢Hs). Found: m/z 219 [M] .
C,3H,N;3. Calculated: M 219.

3-Acetylaminomethyl-2-ethyl-5-methyl-1-phenylpyrazolidine (6). Acetic anhydride (0.1 ml) was
added to a solution of compound 5 (0.1 g, 0.45 mmol) in benzene (10 ml), the mixture boiled for 3 h, and the
benzene and acetic anhydride were distilled off. The acetylaminomethylpyrazolidine 6 (0.1 g, 84%) was
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obtained of mp 77°C. IR spectrum, v, cm’™: 1680 (NCO). "H NMR spectrum, d, ppm (J, Hz): 1.13 (3H, t, J=7.0,
CH,CH,); 1.44 (3H, d, J = 6.8, 3-CH;); 1.75 (3H, s, CH;CO); 1.86 (1H, m, H-4); 2.26 (2H, m, H-4); 2.74 (2H, q,
J=17.0, CH,CHs;); 2.86 (2H, m, CH,N); 3.35 (1H, m, H-3); 3.66 (1H, m, H-5); 6.63 (1H, m, C¢Hs); 6.92 (2H, m,
CeHs); 7.33 (2H, m, C¢Hs). Found, %: C 68.92; H 8.83. C;5H»;N;0. Calculated, %: C 69.0; H 8.81.

1-Acetyl-5-cyano-3-methyl-2-phenylpyrazolidine (7) and 1-Acetyl-5-carbamoyl-3-methyl-2-
phenylpyrazolidine (8). Tetrahydrofuran (5 ml) was added to a mixture of NaBH,4 (0.0378 g, 1 mmol) and
sulfur (0.1 g, 3 mmol) with stirring in a current of inert gas. Then a solution of nitromethylpyrazolidine 1
(0.263 g, 1 mmol) in THF (5 ml) was added. The reaction mixture was boiled until disappearance of the initial
pyrazolidine (4 h), after which 10% NaOH (15 ml) was added, and the mixture was extracted with CH,Cl,
(3 X 10 ml). The extract was dried over magnesium sulfate, and evaporated. The residue was chromatographed
on a dry column of silica gel, collecting the fraction of R;0.8. Cyanopyrazolidine 7 (0.1 g, 43.6%) was obtained
as a dark red substance of mp 55°C. IR spectrum, v, cm™: 1680 (NCO), 2300 (CN). 'H NMR spectrum, &, ppm
(/, Hz): 1.35 (3H, d, J = 6.8, 3-CH3); 1.95 (1H, m, H-4), 2.04 (3H, s, CH;CO); 2.24 (1H, m, H-4); 4.24 (1H, m,
H-3); 5.03 (1H, m, H-5); 6.92 (3H, m, C¢Hs); 7.34 (2H, m, C¢Hs). Found: m/z 229 [M]". C;3H;sN;O.
Calculated: M 229.

A second fraction with R;0.4 was compound 8 of mp 107°C according to mass spectroscopy. Found: m/z
247 [M]". C;3H;N30,. Calculated: M 247.

REFERENCES

1. D. M. Musatov, L. A. Sviridova, I. A. Motorina, I. F. Leshcheva, and G. A. Golubeva, Khim.
Geterotsikl. Soedin., 483 (1994). [Chem. Heterocycl. Comp., 30, 422 (1994)].

2. J. M. Lalancette and J. R. Brindle, Can. J. Chem., 49, 2990 (1971).

3. J. T. Sharp, I. Gosney, and A. G. Rowley (editors), Practical Organic Chemistry. A Student Handbook of
Techniques, Chapman & Hall, London (1989), 199 pp.

4, K. N. Zelenin, A. V. Dovgilevich, 1. P. Bezhan, G. A. Golubeva, L. A. Sviridova, L. V. Pastushenkov,

E. G. Gromova, T. A. Gatchina, and S. V. Pomogaibo, Khim. Geterotsikl. Soedin., 659 (1984). [Chem.
Heterocycl. Comp., 20, 529 (1984)].
5. D. E. Bergbreiter and J. J. Lalonde, J. Org. Chem., 52, 1601 (1987).

1189



	Chemistry of Heterocyclic Compounds, Vol. 42, No. 9, 2006
	SYNTHESIS OF NEW FUNCTIONAL DERIVATIVES
	OF PYRAZOLIDINE FROM 1-ACETYL-3-METHYL-
	5-NITROMETHYL-2-PHENYLPYRAZOLIDINE
	L. A. Sviridova1, G. A. Golubeva1, and S. V. Shorunov2




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


